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Outline

ÅPOPS instrument and measurement

ÅTimeline of POPS stratospheric measurements

ÅSAGE III-ISS Boulder sondes

ÅSAGE III-ISS Lauder sondes

ÅStatus and plans
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Portable Optical Particle Spectrometer

POPS specifications:

Á950 g

Á5 Watts

ÁSingle-particle detection

Á140 ς2500 nm diameter range

Á3 - 5.5 cm3 s-1 sample flow

ÁMeasurements to > 28 km

Gao et al., AS&T 2016
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POPS Measurement is Simple and Robust

ÁMeasures light scattered from a 405 nm (Blu-Ray) 
laser when a particle passes through the beam

ÁThe intensity of the scattered light is a function of 
the particle size

ÁPeak height and width are recorded for each 
individual particle 

ÁParticle counts within preselected size bins are 
reported each second

ÁCalibrated Mie theory calculation used to determine 
particle geometric size from the measured signal

ü Requires assuming an index of refraction and spherical 
shape (a requirement for all optical particle sizing 
instruments)
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adapted from Gao et al., AS&T 2016



Sizing aerosol can be a bit like using a rear-view mirror-
objects may be larger (or smaller than they appear).
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ÅIt may depend on aerosol composition and the bulk index of refraction!



Refractive Index Effects on Aerosol Size Determination
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Å!ǎǎǳƳƛƴƎ ǘƘŜ άǿǊƻƴƎέ ōǳƭƪ ƛƴŘŜȄ ƻŦ ǊŜŦǊŀŎǘƛƻƴΣ Ŏŀƴ ƭŜŀŘ ǘƻ 
noticeable differences in aerosol sizing and large differences 
in aerosol surface area 

ÅBB aerosols from very large fires, such as over Australia, may 
have a substantially higheruncertainty related to aerosol size 
distributions

POPS Signal (ADC)
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A brief timeline of POPS in the stratosphere

2015

First POPS 
balloon flights:

Houston, TX

and Kunming, 
China (ATAL)

2016

WB-57 
POSIDON

Gao et al.
POPS paper 
published

2017 

Global Hawk 
HOPE-EPOCH

Réunion sonde

U Wyoming 
Large Balloon

2018

First SAGE III-ISS 
validation flight 
from Boulder

HandixScientific 
scales up 

production 

2019
11 SAGE III-ISS 

coincident POPS 
sondes

First POPS 
sondes from 
Lauder, NZ

2020 (so far)

10 SAGE III-ISS 
coincident POPS 

sondes from 
Boulder

3 from Lauder 

POPS measurements of stratospheric aerosol size and abundance have been made from a number of different high 
altitude platforms since 2015 

Figures courtesy of RuShanGao, NASA, and HandixScientific
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Approaching two years of POPS Sondes in Boulder, CO

ÅNASA supported POPS measurements of stratospheric 
aerosols for SAGE III-ISS aerosol retrieval validation 
began in December 2018

ÅPOPS sondelaunches from Boulder (12/year), timed 
to match SAGE III-ISS observations (21 shown here)

Å0.5 km average particle concentration vs altitude

ÅCurrent iMet telemetry provides 15 size bins log-
spaced over Dp 140 nm to 2.5 µm
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Thornberry and Asher unpublished data
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POPS observations in the NH stratosphere
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SD between 21 ς25 km: 0.24 ς0.38 particles cm-3

SD between 17 ς21 km: 0.76 ς9.9 particles cm-3

ÅJune 22, 2019 Raikokeerupted

Å10x particle concentration increase observed in layers in August 
relative to June

ÅReturn to ~ baseline by Dec. 31

June 22, 2019
Source: NASA
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Stratospheric Aerosol Structure in Summer 2019

ÅRaikoke (48° N, 153° E) erupted on 21-22 
June, sending a plume of ash and SO2 into 
the stratosphere (to 13 km, local 
tropopause 11 km)

ÅThe plume was transported around the 
northern hemisphere and rose through self-
lofting due to heating by aerosol absorption

ÅIn August, stratified layers of the plume at 
16-17 km and 20 km are sampled by POPS 
in soundings from Boulder (40° N, 105° W)

28 June 2019
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Stratospheric Aerosol Structure in Summer 2019
28 June 2019 27 August 2019
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A Closer Look at Stratospheric Aerosol Structure

27 August 2019Aerosol size distributions
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